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1. INTRODUCTION
In recent years, there have been requirments for a 
transport environment that will foster comfortable and 
safe town development. Studies on urban activities in ag-
ing societies with falling birthrates and effective use of 
public transport modes in addressing environmental 
problems have become particularly important issues. 
Public transport is of great importance, especially from 
the perspective of town development and urban transport, 
and for securing mobility for the young and advanced age 
groups. The Transportation Accessibility Law was intro-
duced in 2000 to facilitate access by the elderly and the 
disabled, etc. to public transport. This brought about 
modiﬁcation of facilities to comply with the law at rail-
way stations with 5,000 users a day or more. Reviews of 
urban frameworks were also deemed necessary in pro-
gressively aging societies. Thus, the New Transportation 
Accessibility Law was introduced in 2006 aimed at ex-
panding barrier-free features of public transport to uni-
versal design in cities. According to the background, this 
study focuses on the urban railway aspect of public trans-
port and analyzes travel behaviour patterns by age group 
in reviewing the role of urban railway in an aging society 
with a falling birthrate. Railway use by those commuting 
to work and school is on the decline1,2 and there is a great 
need to encourage the use of railways based on the urban 
activities of respective age groups. This paper analyzes 
the travel behaviour of railway users by age group from 
the perspective of railway stations and town planning. In 
addition to summarizing railway trip characteristics, it 
also analyzes the connection between railway use and ur-
ban activities by age group. Thus, it examines urban rail-
way usage by respective age groups. The trend towards 
an aging population and declining birthrates in recent 
years must be taken into account in town planning proj-
ects aimed at revitalizing city centres. For this reason, 
this study seeks to identify basic differences in travel be-
haviour by way of an age group-speciﬁc analysis of trav-
el behaviour. 
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In recent years, there have been requirments for a transport environment that will foster the development of safe, comfortable 
townships. The study of urban activities amid an aging society and effective use of public transport modes in addressing environmen-
tal problems have become particularly important issues. This study analyzes travel behaviour patterns of varying age groups using 
urban railways in order to examine the relationship between urban public transport use and urban activities. Speciﬁcally, it analyzes 
the composition of urban activity and travel behaviour patterns among urban railway users in the Keihanshin (Kyoto-Osaka-Kobe) 
metropolitan area. This paper looks at urban activities within aging societies and identiﬁes the differences in travel behaviour of railway 
users by separating them into young, middle aged and senior citizen age groups. Analysis makes particular use of the Railway Sta-
tion Database, which is a compilation of existing studies into attributes of railway stations and their surroundings, and results of person 
trip surveys. Rail use behaviour characteristics have been sorted by age group because mobility via urban railway systems is varied 
by age group. As a result, differences in railway usage patterns (travel objectives, distance and time, and number of transfers, etc.) 
have been identiﬁed and so too have differences in urban activity patterns related to free activities (shopping, recreation). Further-
more, the study developed a travel behaviour pattern estimation model which is capable of categorizing speciﬁc transport behaviour 
patterns and estimating rail users and transport behaviour patterns from the relationship with areas surrounding railway stations to 
ensure future mobility by public transport for older age groups. The results make it possible to put forward proposals for urban rail 
services that will facilitate urban activities for the different age groups. Eventually, it will be possible to understand the effect of rail 
transport as public transport mobility on urban activities of different age groups. 
Key Words:  Aging society with a falling birthrate, Urban activity, Travel behaviour pattern, Urban railway demand, Town develop-
ment
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In this paper, “young” shall refer to rail users under 
the age of 30, “middle aged” to those aged between 30 
and 64, and “senior citizens” to those aged 65 or over. 
Following to this deﬁnition, Figure 1 shows the secular 
change in population by age group (including estimated 
ﬁgures) of the Keihanshin (Kyoto, Osaka, Kobe) metro-
politan areas. According to the chart, in 2005, senior 
citizens accounted for 19.5% of the population in the 
Keihanshin metropolitan areas (encompassing six pre-
fectures). This ﬁgure is more or less the same as the na-
tional average of 20.2%. 
In 2005, the senior-citizen population of the Kei-
hanshin metropolitan areas grew by 660,000 over 2000. 
Over the same period, the young age group population 
fell by 840,000. Thus, there is a notable acceleration in 
demographic aging. It is estimated that by 2020, the se-
nior-citizen population will increase by 1,780,000 and 
will exceed the young age group population3. For these 
reasons, while the core of urban activities at the moment 
consists of young and middle aged groups, this paper will 
examine urban railway demand from the standpoint of 
stimulating public transport usage by speciﬁc age groups 
encompassing the young and senior citizen age groups 
which represent the potential of future urban activities. 
First of all, we will look at the secular change in 
urban railway demand in the Keihanshin metropolitan ar-
eas. Figure 2 shows the temporal changes in the average 
daily volume of passengers carried on urban railway in 
the Keihanshin metropolitan areas, taking Hankyu Rail-
way as an example4. The index value shown on the side is 
for the purpose of annual comparison. The average daily 
volume of passengers for 1990 (2,210,420) has been set 
at the value of 100. According to this graph, the volume 
of passengers carried on urban railways (Hankyu Rail-
way) peaked in 1990 and has continued to decline gradu-
ally to this day. The same downward trend has been 
demonstrated by other urban railway companies in the 
Keihanshin metropolitan areas. In fact, a downward trend 
in urban railway use is notable throughout all Keihanshin 
metropolitan areas. This trend is largely believed to be 
caused by the falling birthrate and the aging population 
as well as the advancement in motorization. It can there-
fore be deduced that time series changes in age composi-
tion and changes in lifestyles exert changes to urban 
transport demand. Furthermore, there is a signiﬁcant drop 
in the ratio of rail use as seen from the fact that the basic 
unit for trips on urban railways (Hankyu) in proportion to 
the population of the Keihanshin metropolitan areas was 
0.400 trips/person (2,210,420/5,524,463) in 1990 but fell 
to 0.330 trips/person (1,827,422/5,541,905) in 2000. 
Figure 3 shows the temporal changes in the pro-
Fig. 1 Population by age group of the Keihanshin 
metropolitan area
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Fig. 2 Changes in the average daily volume of pas-
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portion of transport mode usage by age group. It calcu-
lates the share of trafﬁc carried by respective transport 
modes according to age group in 1990 and in 2000 in the 
Keihanshin metropolitan areas, based on the results of 
person trip surveys in the Keihanshin metropolitan areas.
As a general trend, there is an increase in car use 
and a decrease in pedestrian trafﬁc in all age groups. The 
decline in pedestrian trafﬁc owing to increased motoriza-
tion has robbed city areas of their vitality. While the use 
of cars for transport is on the increase among senior citi-
zens, around 40% still travel by foot. Therefore, faced 
with an aging population, pedestrian trafﬁc by senior 
citizens will be an important item improving navigability 
in cities. Also, looking at the temporal changes in public 
transport use, the decline in bus use is relatively small 
whereas that of rail use is signiﬁcant. From this stand-
point, it is necessary as well to examine changes in urban 
railway demand from the perspective of temporal chang-
es in age composition. 
2. ANALYSIS OF AGE GROUP-SPECIFIC 
RAILWAY USAGE CHARACTERISTICS
Transport related to urban railways is comprised of 
transport behaviour of passengers boarding and alighting 
at stations, and urban activities. The fundamental data for 
this study is taken from the Railway Station Database for 
the Keihanshin metropolitan areas compiled from exist-
ing study material5,6. To facilitate a statistical analysis of 
the relationship between railway stations and town plan-
ning, the database provides information on (1) regional 
hub railway stations that handle over 20,000 passengers 
(279 stations), and (2) stations that handle less than 
20,000 passengers but which are being survey as by rail-
way operators as having capacity for improvement (51 
stations)7. Based on this criterion, the database is made 
up of a total of 330 stations out of 1,279 stations through-
out the Keihanshin metropolitan areas. This Railway 
Station Database holds 3 types of data: (1) Basic charac-
teristics of railway station (164 items from data possessed 
by the ofﬁce as of September 2005); (2) Travel behaviour 
characteristics associated with railway stations (126 items 
from the 4th Keihanshin metropolitan area person trip 
survey in 2000); and (3) Grid square statistics of areas 
around railway stations (132 items from 2000 Census 
data, 2001 Establishment and Enterprise Census data and 
2002 Commercial Statistics data)8. 
Grid square data of areas around the railway sta-
tions is extracted for the 330 stations in the Railway Sta-
tion Database above and an estimation model of the 
number of passengers at the stations is compiled for each 
age group. Therefore, the paper extracts railway station 
services and factors in the surrounding region associated 
with railway use for each age group and clariﬁes their 
causal relationship. In practical terms, this involves mul-
tiple regression analysis using the number of passengers 
by age group as a dependent variable. 16 factors associ-
ated with urban railway demand—(1) - (16) in Table 1, 
Table 1  Estimation result for the number of passengers by age group at urban railway stations
Factor
Young Middle aged Senior citizens
θ t value θ t value θ t value
Constant 8690.898 3.108 * 14053.890 3.576 * 608.356 1.116
(2) Barrier free improvements –148.868 0.392 –300.021 0.558 30.388 2.093 *
(5) Bus systems 288.675 5.546 * 435.080 5.902 * 64.967 6.142 *
(7) Total industrial plants –1.747 2.506 * –0.235 0.239 –0.316 2.280 *
(8) Distance to terminal station –78.699 2.085 * –123.809 2.323 * –15.568 2.032 *
(9) Schools 651.832 3.239 * 530.981 1.866 76.897 1.874
(13) Convenience stores 458.148 2.088 * 856.277 2.757 * 37.191 0.883
(16) Banks 634.479 6.106 * 701.262 4.772 * 128.556 6.071 *
Multiple correlation coefﬁcient 0.578 0.672 0.652
Determination coefﬁcient 0.335 0.452 0.426
RMSE 8,706 11,778 1,769
Factors (1) Population by age group, (2) Barrier free improvements, (3) Total retail area, (4) No. of cars owned, (5) Bus systems, 
(6) Dummy limited express stops, (7) Total industrial plants, (8) Distance to terminal station, (9) Schools, (10) Cultural 
facilities, (11) Places of worship, (12) Tourism facilities, (13) Convenience stores, (14) Hospitals, clinics, (15) Parks, open 
spaces, (16) Banks
*Signiﬁcant at 5%
IATSS RESEARCH Vol.33 No.1, 2009  9
ANALYSIS OF RAILWAY USER TRAVEL BEHAVIOUR PATTERNS OF DIFFERENT AGE GROUPS T. AKIYAMA, M.OKUSHIMA
such as population by age group, barrier-free develop-
ment index score and retail shop sales ﬂoor area, are used 
as independent variables. Development status of the rail-
way station is presented using indicators. For instance, 
with factor (2) Barrier-free Facility Development, the bar-
rier free facilities at the station are scored on a scale of 1 
to 4 and other indicators include (5) No. of Bus Services 
(no. of routes) and (6) Dummy limited express stops (3 
types of station). At the same time the number of respec-
tive facilities ranging from schools (9) to banks (16) 
within a grid square around the station (1 km × 1 km) is 
also used as an indicator. 
In this way, this model is used to estimate the num-
ber of passengers by age group at each railway station9. 
The estimation result of the multiple regression anal-
ysis is shown in Table 1. Of the 16 factors in all, 7 factors 
were found to be insigniﬁcant at a signiﬁcance level of 
5% and 2 factors were seemed to be short on validity from 
sign conditions. Therefore, these factors have been elimi-
nated and only the signiﬁcant factors are shown in Table 1. 
From Table 1, we can see that “Barrier-free Improve-
ments” is a signiﬁcant factor in estimating senior-citizen 
users. That is to say, there is stronger causal relationship 
between barrier-free improvements and senior-citizen us-
ers than with young and middle aged groups. On the other 
hand, “Convenience Stores", which offer quick daily side 
trips (shopping), is of signiﬁcance only in estimating mid-
dle aged passenger numbers. 
The study above has helped to sort out the main 
factors affecting urban railway use for each age group and 
have clariﬁed the basic demand structure for urban rail-
ways in the respective age groups. Next, let us consider 
the applicability of the model in estimating the number of 
passengers at railway stations. The age-group speciﬁc es-
timation models each have a multiple correlation coefﬁ-
cient of around 0.6 which is a relatively sound estimation 
result. The estimated and actual values for each age group 
are shown in Figure 4 - Figure 6. 
The graphs indicate that the estimations are gener-
ally valid for all age groups but there is a large margin of 
error in the estimations when there is a large number of 
passengers. Therefore, there is a possibility that the esti-
mation values for the number of passengers at individual 
stations are off by quite a margin. But the model enables 
an estimation of the relative trend in urban railway de-
mand in general. 
Next, let us look at the relative urban railway usage 
characteristics of each age group statistically. Figure 7 
shows the ratio of people who go out in the Keihanshin 
metropolitan areas by age group. The ratio is largest for 
the young followed by the middle aged and senior-citizen 
age groups in descending order. The ratio of people who 
go out in the senior-citizen age group is relatively low 
compared to the young and middle aged group who go 
out for commuting purposes. Moreover, the ﬁgure drops 
to 42% for the latter-stage elderly sector (aged 75 or over) 
of the senior-citizen age group, indicating that the ratio 
falls with age. 
Due to the above, as shown in Figure 8, the number 
of railway trips made by senior citizens only account for 
approximately 7% of the total. This is believed to be be-
cause commuting presently accounts for a large propor-
Fig. 4 Estimation result for the number 
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tion of the rail demand. However, since commuting trips 
have little elasticity in demand, they are not ideal for a 
study aimed at promoting use of public transport. Rail 
use by senior citizens is low when compared to the com-
ponent ratio of the senior-citizen population (16.3%) in the 
Keihanshin metropolitan areas (2000). It is presumed that 
there is potential for urban activity among senior citizens. 
Railway trips made for free activities (shopping, 
recreation, leisure) are tallied in Figure 9. In this case, the 
ratio of trips made by senior citizens is about 25%. We 
can see that this is a large proportion of the trips for all 
purposes by age group shown in Figure 8. Figure 10 
shows the basic generation unit per person for free-pur-
pose trips by rail for each age group. The basic urban 
railway use unit for free-purpose trips is approximately 
the same for the young and middle aged groups. Mean-
while, the basic unit for senior citizens is comparatively 
larger. Furthermore, in the case of senior citizens, there is 
a big difference between the gross trip unit and the net 
trip unit indicating a signiﬁcant difference in the travel be-
haviour of those who go out and those who do not. In other 
words, it can be assumed that an increase in outings by 
senior citizens will directly generate more free activity. 
Let us next look at the differences in travel behav-
iour by age group including rail trips. Table 2 shows the 
average characteristics of rail trips by age group. The av-
erage number of transfers on rail trips for the senior-citi-
zen age group is low. Whereas young and middle aged 
groups used predetermined routes for commuting and for 
business, senior citizens tended to choose routes with the 
least number of transfers to the destination and travel for 
free activities. Furthermore, the average rail travel dis-
tance for the young and middle aged groups were about 
the same while that for senior citizens was relatively short 
(13.5km) with approximately 20% of the trips being 
short-distance (around 3km) rides. It can therefore be de-
duced that senior citizens tend to select urban activity in 
relatively nearby locations. A breakdown of the free ac-
tivities reveals that senior citizens spent the longest time 
with respect to average duration for shopping activities 
(46 mins) while young people also spent a comparatively 
long time on shopping (43 mins). With regards recre-
ational activities, there was no great difference in the av-
erage duration (activity time) but the longest time was 
85%
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Table 2 Statistical indicator for railway use  
by age group
Young Middle 
aged
Senior 
citizens
Avg. no. of transfers 0.355 0.374 0.269
Avg. rail use distance (km) 16.8 16.4 13.5
Avg. rail user time spent 
shopping (minutes) 43 29 46
Avg. rail user time spent  
on recreation (minutes) 50 47 56
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spent by senior citizens (56 mins). 
The above analysis results indicates that senior-
citizen travel behaviour differs somewhat to that of young 
and middle aged groups. (1) Since only a small number 
commute, the ratio of people who go out among senior 
citizens is low. Therefore, railway use per person is less 
than that of young and middle aged groups. (2) A large 
proportion of senior citizens use rail for free activity 
(shopping, recreation, etc.). Hence, the railway use unit 
for free-purpose trips is high. (3) Senior citizens make 
few transfers and many use the railway for short-distance 
trips. They spend a relatively long time on free activity. 
This data on differences in travel behaviour by age 
group is mainly that of rail users in the Keihanshin met-
ropolitan areas. Travel behaviour is thought to be depen-
dent on spatial composition of urban transportation. There 
are thought to be differences in travel behaviour between 
major metropolitan areas where urban railway system 
form the main mode of public transport and highly mo-
torized regional cities that are dependent on car travel. 
Therefore, the same type age group-speciﬁc travel behav-
iour is thought to exist in cities within major metropolitan 
areas where a rail network has been established to some 
degree. In such cities, this data can be used as reference 
for railway station and town development based on age 
group-speciﬁc urban activities. In the local city areas, how-
ever, it would be necessary to conduct a travel behaviour 
analysis that centres on car use within an aging society. 
3. ANALYSIS OF TRAVEL BEHAVIOUR 
PATTERNS BY AGE GROUP
This section examines the connection between rail-
way use and urban activities by age group, particularly 
focusing on railway usage patterns supporting free ac-
tivities (shopping, recreation, etc.) in order to identify the 
relationship between urban railway and the surrounding 
region (town). In accordance with the trip purpose cate-
gorization prescribed for person trip surveys, free-pur-
pose activities that correspond to shopping and recreation 
shall be referred to as “free activities”. 
In order to deﬁne the travel behaviour at the station 
and in the surrounding area, it is assumed that a residen-
tial zone station is used for the home-based pattern (HB 
type) and a workplace zone station for the ofﬁce-based 
pattern (OB type). For example, in the case of the traveler 
in Figure 11, Station A would entail HB type movement, 
whereas Station B would entail OB type movement. Fur-
thermore, “visiting type” travel behaviour pattern is de-
ﬁned as follows: A travel behaviour pattern whereby the 
residence (HB) and the workplace (OB) of the traveler 
does not exist in the area around the station and the trav-
eler uses the railway from a different area to perform ur-
ban activities in the locality of the station in focus. 
According to these deﬁnitions, travel behaviour 
patterns are categorized into 3 types based on the rela-
tionship between the area around the station and the point 
of origin of the traveler. This study also looks at whether 
free activity took place from the perspective of relation-
ship between commercial activities and the area in focus. 
Accordingly, 6 types of travel behaviour patterns can be 
established. 
Figure 12 is the result of the 4th Keihanshin metro-
politan area person trip survey tallied in traveler units, 
showing travel behaviour patterns of the Keihanshin rail-
way users by age group. From this chart, we can see that 
the composition ratios of travel behaviour patterns for the 
young and middle aged groups are similar. There is a high 
Fig. 11 An example of a railway use travel behaviour 
pattern
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Fig. 12 Travel behaviour patterns in the Keihanshin metropolitan areas by age group
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proportion of OB type travelers because there are many 
commuters. We can also see that round-trip type urban 
activities relating to HB and OB take up a relatively high 
proportion of free activities. On the other hand, the pro-
portion of “visiting type free activities” is high among 
senior citizens compared to the young and middle aged 
groups, while the proportion of “OB type railway station 
use (for work)” is low. In other words, travel behaviour 
mainly to do with free activities represent a large propor-
tion of rail use in the case of the senior-citizen age group. 
From these results, we can say that with regards the young 
and middle aged groups, free activities often accompany 
commuting or business activities, but with regards senior 
citizens, travel behaviour patterns involving visiting type 
free activities are relatively common. 
Figure 13 illustrates this travel behaviour pattern 
categorization for the senior-citizen age group in the 
Keihanshin metropolitan areas. The most commonly 
found travel behaviour pattern is the HB type (without free 
activities) which represents movement to a different area 
using railway. In this case there are no round trips taken 
around the station. However, since there are multiple re-
cords of visiting type and HB type travel behaviour pat-
terns that include free activities, it is realized that senior 
citizens do engage in free activities in the area around the 
station when using railway. 
Next, let us think about the future travel behaviour 
pattern composition of the Keihanshin metropolitan ar-
eas. Figure 14 shows the number of railway users in 2020 
estimated from actual values for 2000 based on the pro-
jected population for each age group.  Due to further ag-
ing in the population, the number of free activities and 
the number of visiting type travel behaviours of the young 
and senior-citizen age groups will be reversed. We can 
see that railway use by senior citizens will take on greater 
signiﬁcance in the future. 
The following age group-speciﬁc travel behaviour 
patterns were estimated by dividing the 6 types of travel 
behaviour patterns above into HB, OB and visiting type 
categories for each age group. Since the estimation is 
based on the assumption that each factor interacts with 
one another in complex ways, in this study, the travel be-
haviour pattern for each age group is estimated from the 
attributes of the area around the railway station. A neural 
network (NN) model is used for modeling the complex 
correlations of the numerous factors at each station. The 
type that is used in this case is a hierarchical neural net-
work which is modeled on the information processing of 
the brain and calculates output information by processing 
input information hierarchically as shown in Figure 15. 
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Also, 11 factors that are thought to have a bearing on 
travel behaviour of each age group were selected as input 
variables from the attribute data of the area around the 
station mentioned earlier. The composition ratio of the 
HB and OB type travel behaviour patterns for each age 
group was used as the output layer. The quantitative data 
of the factors in the Railway Station Database were each 
converted into numerical values between the maximum 
and the minimum values of 0 and 1 to be used as super-
vised data for the NN model. The supervised data, there-
fore, is comprised of standardized groups of numerical 
values. The HB, OB and visiting type ratios add up to 
100%. Therefore, the composition ratio for the visiting 
type pattern was calculated from the estimation results 
for the HB and OB types. 
Furthermore, NN parameter settings were calcu-
lated using the usual back propagation method with the 
Railway Station Database above as the supervised data. 
Any number of neurons in the intermediary layer can be 
assigned in modelling. In this study, several settings were 
tried for the number of neurons in the intermediary layer 
and the layer with 12 neuron with the least amount of 
estimation error was determined. In this model, there are 
6 neurons in the output layer, designed to provide for nu-
merous information processing channels. 
A travel behaviour pattern composition estimation 
model using NN was identiﬁed by installing the network 
parameters that were calculated. 
The estimation result obtained from the NN model 
created during this study is shown in Table 3. A compari-
son is made with the result from a logit model created 
using the same explanatory factors. Using the NN model, 
which can model the complex relationships of the factors, 
and comparing it with the logit model allows for high-
precision estimation. In particular, it was found that high-
ly precise estimation results could be obtained for the 
composition ratio of the OB type travel behaviour pattern. 
Travel behaviour patterns tend to emerge as a con-
sequence of varied and complex correlations of individu-
al factors. Therefore, it is difﬁcult to explicate the direct 
Fig. 15 Structure of the travel behaviour pattern ratio estimation NN model
Young HB type pattern ratio
Young OB type pattern ratio
Middle aged HB type pattern ratio
Middle aged OB type pattern ratio
Senior citizen HB type pattern ratio
Senior citizen OB type pattern ratio
Input layer: 11 units
Output layer: 6 units
Intermediate layer: 12 units
Residential density
Convenience stores
Dummy limited express stops
Daytime/nighttime ratio
Operating lines
Distance to prefectural office (km)
All industry plants
Schools
Retail space
Cultural facilities
Places of worship
Table 3  Estimation result of the travel behaviour pattern ratio using the NN model 
RMSE Young Middle aged Senior citizens
HB OB HB OB HB OB
Logit model 0.169 0.159 0.164 0.141 0.179 0.103
NN model 0.123 0.125 0.105 0.104 0.134 0.087
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causal relationship. However, the NN model is believed 
to be effective in modeling this complexity and in provid-
ing precise estimation. 
The overall estimation results were veriﬁed in Table 
3. As an example of the estimation result for the respec-
tive stations, Figure 16 shows the actual and estimation 
values for the HB and OB types in the senior citizen age 
group. The chart shows that a relatively sound estimation 
of travel behaviour patterns for each station can be ob-
tained. 
4. ESTIMATION OF TRAVEL BEHAVIOUR 
PATTERNS ACCOMPANYING DEVELOPMENT 
OF AREA AROUND RAILWAY STATION 
In this chapter, the age group-speciﬁc travel behav-
iour pattern estimation models that are described thus far 
are applied to realistic development problems in the areas 
around railway stations. The impact of commercial de-
velopment relating to urban railway stations on transport 
behaviour is calculated quantitatively to examine the ef-
fectiveness of urban policies. 
This study looks at the Hankyu Nishinomiya Gar-
dens shopping centre which was built with the intention 
of becoming a new centre in the Keihanshin metropol-
itan areas. This large scale facility, which opened on 26 
November 2008, is a shopping centre designed to cover 
a basic trading area of 10 km (population of approx. 
1,700,000) around the railway station. 
Previous travel behaviour patterns at Hankyu Nishi-
nomiya-Kitaguchi Station based on the Railway Station 
Database mentioned earlier are as shown in Figure 17. 
According to this chart, the distinctive characteristics in 
the travel behaviour patterns of 2000 were that there were 
more OB type patterns than HB type patterns among 
young and middle aged groups, and that there were nu-
merous observations of travel behaviour with visiting 
type free activities among young and senior-citizen age 
groups. In other words, the station has long been a highly 
appealing destination to visit within the Keihanshin met-
ropolitan areas. 
Here, the number of passengers at the station is es-
timated using the regression analysis model described in 
earlier chapters and the result is then used to estimate 
travel behaviour patterns for each age group using the 
NN model. The explanatory variables for these models is 
set at the levels at the opening of Hankyu Gardens. The 
setting factors are: “Day/night ratio”, “All Industry 
Plants” and “Retail Space". 
1) Day/night ratio: The nighttime population before 
Fig. 16 Estimation result for the travel behaviour pattern ratios of senior citizens
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Fig. 17 Travel behaviour pattern composition by age group of Hankyu Nishinomiya-Kitaguchi Station users
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opening was 12,213, the daytime population was 
11,309 and the day/night ratio was calculated at 
0.926. The number of visitors to the newly opened 
Hankyu Gardens is expected to be approximately 20 
million a year, an average of 4,795 visitors each day. 
Therefore, the daytime population after opening will 
be the sum of the daytime population before opening 
of 11,309 and the expected number of visitors after 
opening of 54,795, which comes to a total of around 
66,104. Accordingly, the day/night ratio after open-
ing is assumed at 5.413 (=66,104/12,213). 
2) All industry plants: The number of shops that opened 
at Hankyu Nishinomiya Gardens is 268. Added to the 
732 industrial establishments that were present be-
fore opening, the number of establishments is assumed 
at 1,000. 
3) Retail space: The total ﬂoor area of the newly con-
structed facilities at Hankyu Nishinomiya Gardens is 
247,000 m2. Adding this to the total sales ﬂoor area 
prior to constructions of 16,734 m2, the new total was 
assumed at 263,734 m2. 
The number of passengers using the station after 
the opening of the complex was estimated using the 
assuming conditions above by means of regression anal-
ysis. In this case, the growth rate after opening was calcu-
lated from the regression analysis result so as to eliminate 
the effects of regression error. This value was multiplied 
by the actual value to obtain the estimation result after 
opening. Table 4 shows the calculation results for these. 
According to these results, the growth rate of passenger 
numbers at the station is largest for the middle aged group 
followed by the young and senior-citizen groups in that 
order. This is attributed to the fact the construction of a 
large scale shopping centre is accompanied by an expan-
sion in commercial scale and an increase in business 
opportunities. The total of the number of passengers at 
the station for each age group is calculated at approximate-
ly 100,000. Although a deﬁnite value for the number of 
passengers is yet to be reported, a comparable ﬁgure has 
been observed after about a month into operations. 
Next, the NN model was used to estimate the travel 
behaviour changes in Nishinomiya-Kitaguchi station 
users. The assuming conditions after the opening of the 
shopping centre were used on the model to estimate the 
composition ratios of travel behaviour patterns for re-
spective age groups. According to Figure 18, the ratio of 
the OB type travel behaviour pattern is on the increase 
Table 4 Estimation result for number of passengers subsequent to redevelopment  
of the area in front of Hankyu Nishinomiya-Kitaguchi station 
Actual ﬁgures
before opening
Estimate Estimate 
after openingBefore After Increase
Young 24,314 14,666 23,593 1.609  39,114
Middle aged 27,642 17,948 42,876 2.389  66,033
Senior citizens  3,442  2,095  2,425 1.157  3,984
Total 55,398 34,710 68,894 1.985 109,958
A B C D = C/B E = A *D
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opening
After 
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Fig. 18 Estimation result for travel behaviour pattern composition by age group of 
Hankyu Nishinomiya-Kitaguchi Station users 
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among the young and middle aged groups. On the other 
hand, OB and visiting type travel behaviour patterns are 
increasing among senior citizens. 
In the travel behaviour pattern composition ratio, 
the visiting type pattern among senior citizens eventually 
arrives at around 40%. This reﬂects a travel behaviour in 
which visits are made from other regions for shopping and 
recreational purposes and is indicative of fundamental ef-
fects from large scale commercial development. Mean-
while, since a large scale shopping centre holds promise 
of expansion in related businesses, these factors are be-
lieved to have brought about an increase in the OB type 
travel behaviour pattern among middle aged and young 
age groups.
This paper considered a large scale shopping centre 
as an example of development around a railway station. 
In carrying out individual commercial development, how-
ever, it is necessary to discuss the development concept 
as well as detailed differences in commercial formats that 
reﬂect that concept. Particularly in the case of limited 
commercial development, it is necessary to implement 
individualized analysis and it may be difﬁcult to utilize 
the basic commercial statistical classiﬁcation used in this 
study for deliberations. Deliberation would also be re-
quired with respect to database organization. 
However, as mentioned above, a close correlation 
does exist between commercial development in areas 
around railway stations and changes in trafﬁc ﬂows of 
respective age groups and the study has provided much 
insight into comprehensive development of public trans-
portation and urban functions. 
5. CONCLUSION
This study analyzed travel behaviour patterns at ar-
eas around railway stations in the Keihanshin metropoli-
tan areas from the perspective of public transportation 
and age group-speciﬁc travel demand. It examined, in 
speciﬁc terms, how the composition of travel behaviour 
patterns by age group pertaining to town development was 
related to local revitalization. The results of this study can 
be summarized as follows: 
1) The amount of activity by senior citizens relative to 
that of young and middle aged groups is expected to 
increase in an aging society with falling birthrates. 
Factors affecting differences in passenger numbers 
for each age group in areas around railway stations 
were extracted by means of regression analysis and an 
estimation model was created. The characteristics of 
rail use behaviour were sorted by age group and the 
railway usage patterns of senior citizens were found 
to be distinctive. As a result, it became clear that a 
demand estimation of urban railway use by age group 
was meaningful and that speciﬁc railway develop-
ment status was relevant to promoting railway use. 
2) An analysis was made of travel behaviour patterns 
with free activities (shopping, recreation) by age 
group around railway stations. 6 types of travel be-
haviour patterns were deﬁned based on basic travel 
behaviours. As a result, it was found that travel be-
haviour patterns among the young and middle aged 
groups mainly consisted of commuting and business 
activities while that registered by senior citizens con-
sisted of visiting type free activities. Furthermore, an 
NN model was used to express the correlation be-
tween these factors so that the travel behaviour pat-
terns by age group at each station can be estimated. 
3) In order to make a realistic review of rail transporta-
tion and town development, the estimation models 
mentioned above were used to estimate the travel be-
haviour patterns expected at the opening of a large 
scale shopping centre. It was evident that large scale 
commercial development had various effects on trav-
el behaviour of the respective age groups. In particu-
lar, it was found that such a development increased 
visiting type travel behaviours among senior citizens 
but also induced growth in OB type travel behaviours 
in the young and middle aged groups. This showed 
that it is possible to examine effects of town planning 
by age group and to study them from the perspective 
of changes in urban activities. 
This study examined differences in railway users of 
respective age groups from their travel behaviour pat-
terns. In particular, it became evident that there was a 
meaningful connection between railway usage patterns 
mainly relating to free activities and development of ar-
eas around railway stations. In view of the results of this 
study, we can conclude that it is extremely important to 
give careful thought to the travel behaviour of respective 
age groups in future railway station and town develop-
ment projects (local revitalization) and in promoting the 
use of urban railway. Subjects for future consideration 
include: 1) Improvement of precision in quantitative esti-
mation of user age group composition at respective rail-
way stations and demand changes relating to railway use; 
2) Identiﬁcation of speciﬁc effects on revitalization of the 
area around stations (town) and travel behaviour patterns 
by organizing data on actual case examples; 3) More de-
tailed identiﬁcation of differences in travel behaviour 
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patterns among various age groups (for instance, includ-
ing studies on the latter-stage elderly sector), etc. 
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